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NOTATION 


CONVENTIONAL 

SYMBOL 

SYMBOL  APPEARING 
ON  PLOTS 

DEFINITION 

N 

COS  COEF 

The  cosine  coefficient  of  the  N^ 
harmonic* 

bn 

SIN  COEF 

The  sine  coefficient  of  the  N^- 
harmonic* 

D 

— 

Propeller  diameter 

J 

a 

Apparent  advance  coefficient 
y 

Jfl  “ ^ (dimensionless) 

N 

N 

Harmonic  number 

n 

— 

Propeller  revolutions 

r/R  or  x 

RADIUS  or  RAD. 

Distance  (r)  from  the  propeller  axis 
expressed  as  a ratio  of  the  propeller 
radius  (R) 

V 

V 

Actual  model  or  ship  velocity 

Vb(x,0) 

— 

Resultant  Inflow  velocity  to  blade 
for  a given  point 

Vx) 

— 

Mean  resultant  Inflow  velocity  to 
blade  for  a given  radius 

Vr(x,0) 

VR 

Radial  component  of  the  fluid  velocity 
for  a given  point  (positive  toward  the 
shaft  centerline) 

vrCx) 

— 

Mean  radial  velocity  component  for 
a given  radius 

Vr(x,0)/V 

VR/V 

Radial  velocity  component  ratio  for  a 
given  point 

Vr(x)/V 

VRBAR 

Mean  radial  velocity  component  ratio 
for  a given  radius 

Vt(x,©) 

* 

VT 

Tangential  component  of  the  fluid 
velocity  for  a given  point  (positive 
in  a counterclockwise  direction  looking 
forward) 

See  footnote  on  the  following  page 


NOTATION  (Continued) 


Vfc(x) 

- ■■■■■ 

Mean  tangential  velocity  component 
for  a given  radius 

Vt(x.O)/V 

VT/V 

Tangential  velocity  component 
ratio  for  a given  point 

Vt(x)/V 

VTBAR 

Mean  tangential  velocity  component 
ratio  for  a given  radius 

(Vt(x)/V)N 

AMPLITUDE 

Amplitude  (B„  for  single  screw 
symmetric;  c”  otherwise)  of  Nth 
harmonic  of  the  tangential 
velocity  component  ratio  for  a given 
radius* 

Vx(x,0) 

VX 

Longitudinal  (normal  to  the  plane  of 
survey)  component  of  the  fluid  velocity 
for  a given  point  (positive  in  the 
astern  direction) 

V (x) 

X 

— 

Mean  longitudinal  velocity  component 
for  a given  radius 

Vx(x,0)/V 

vx/v 

Longitudinal  \ -city  component  ratio 
for  a given  point 

Vx(x)/V 

VXBAR 

Mean  longitudinal  velocity  component 
ratio  for  a given  radius 

(T  (x)/v)N 

AMPLITUDE 

Amplitude  (Aj.for  single  screw  symmetric 
Cn  otherwise;  of  Nth  harmonic  of  the 
longitudinal  velocity  component  ratio 
for  a given  radius* 

*N 

PHASE  ANGLE 

Phase  Angle  of  Nth  harmonic* 

The  harmonic  amplitudes  of  any  circumferential  velocity  distribution  f(0) 
are  the  coefficients  of  the  Fourier  Series: 

NM 

f(«)  - Ao  + cos  (NO)  + SBn  ®in<N*> 


N*  I 

hh 


*•> 


*<,+  E<i,  •*»<“  + V 
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NOTATION  (Continued) 


Volumetric  mean  velocity  ratio 
from  the  hub  to  a given  radius 


l-w(r/R) 


r/R 


f(Vx  (x)/V)  . x 
c 


. d> 


'hub'" 


where  (x) /V 
c 


I2- 

<rhub,'°2 

p2ir 

Vx  (x,©) 
c 

Jo 

_2flrv 

dd 


and  (V  (x,6)/V)  - (V  (x,©)/V) 


- (Vt(x,©)/V)  tan  (f)(x,©)) 


K Volumetric  mean  velocity  ratio  from 

the  hub  to  a given  radius  (without  the 
tangential  velocity  correction) 


l-w(r/R)  * 


r/R 

2 • f<yxWIV)  . x . dx 
fb»b/R 


C/M2  - Chob/M2 


Advance  angle  in  degrees  for  a given 
point 

Mean  advance  angle  in  degrees 
for  a given  radius 


NOTATION'  (Continued). 


r 


+AP 

-Ap 


Q 


BPOS 


BNEC 


ANGLE  IN  DECREES 


Variation  of  the  naxlctuci  advance 
angle  froo  the  mean  for  a given 
radius 

Variation  of  the  nlnlnun  advance 
angle  from  the  mean  for  a given 
radius 

Position  angle  (angular  coordinate) 
in  degrees 
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ENGLISH/SI  EQUIVALENTS 


ENGLISH 

1 inch 
1 foot 

1 foot  per  second 
1 knot 

1 pound  (force) 

1 degree  (angle) 

1 horsepower 
1 long  ton 


SI 

25.400  millimetres  [0.0254  m (metres] 

0.3048  m (metres) 

0.3048  m/sec  (metres  per  second) 

0.5144  m/sec  (metres  per  second) 

4.4480  N (Newtons) 

0.01745  rad  (radians) 

0.7457  kW  (kilowatts) 

1.016  tonnes,  1.016  metric  tons,  or  1016  kilograms 


INTRODUCTION 


The  Naval  Ship  Engineering  Center  (NAVSEC)  Initiated  a model  exper- 
imental program  at  the  David  W.  Taylor  Naval  Ship  Research  and  Development 
Center  (DTNSRDC)  to  aid  in  the  evaluation  of  a proposed  design  of  the  Nuclear 
Guided  Missile  Strike  Cruiser  (CSGN).  This  report  presents  the  results  of 
the  wake  survey  experiment  performed  in  the  plane  of  the  propeller  disk.  The 
harmonic  analyses  of  the  circumferential  distribution  of  the  longitudinal 
and  tangential  velocities  are  also  presented.  Separate  reports  associated 
with  this  experimental  program  have  been  issued  . 

EXPERIMENTAL  PROCEDURE  AND  PRESENTATION  OF  DATA 
DTNSRDC  Model  5352,  representing  a conventional  hull  form  of 
CSGN  design,  was  constructed  to  a linear  ratio  of  24  in  accordance  with 

NAVSEC' s model  plans. The  model  was  fitted  with  appendages  except  for 
the  rudders.  The  velocity  survey  was  conducted  at  the  design  draft  of  22.15 
feet  (6.751  m),  even  keel  in  the  static  condition,  at  a displacement  of 
17,050  tons  (17320  tonne)  full  scale,  and  at  a velocity  representing  a 
ship  speed  of  30  knots  (15.432  m/s). 

A pitot  tube  rake,  DTNSRDC  No.  7,  and  four  differential  pressure 
gages  were  used  to  measure  the  velocities  in  the  plane  of  the  propeller  disk 
at  five  radial  locations.  The  pitot  tube  rake  consisted  of  five  5-hole 


a 


spherical  pitot  tubes  mounted  in  a housing.  Figure  1 shows  this  arrangement 
and  Figure  2 shows  the  pitot  tube  rake,  mounted  in  the  port  shaft  of  the  model. 

The  full  scale  propeller  disk  was  18  feet  (5.488  m)  in  diameter. 

The  radii  at  which  the  measurements  were  made  were  expressed  as  ratios  of  the 
propeller  radius  (r/R),and  were  0.338,  0.524,  0.729,  0.933  and  1.109  as 
shown  in  Figure  3.  The  propeller  plane  in  which  the  velocity  measurements 
were  taken  was  2 feet  (0.61  m)  forward  of  station  19.  To  ensure  the  proper 
trim  throughout  the  experiments,  the  model  was  towed  at  the  corresponding 
design  displacement  of  17,050  tons  (17320  tonne)  and  a ship  speed  of  30  knots 
(15.432  m/s)  with  the  rake  in  the  zero-degree  position.  The  model  was  then 
locked  and  tested  at  this  trimmed  condition  throughout  the  experiment. 

Circumferential  distribution  of  the  longitudinal,  tangential,  and 
radial  velocity  component  ratios  are  shown  in  graphical  form  for  each  tube 
radius  in  Figures  4 through  8.  The  mean  longitudinal  (VXBAR),  tangential 
(VTBAR),  and  radial  (VRBAR)  component  ratios  of  the  velocity-vectors  and 
volumetric  mean  wake  velocity  ratio  (1-w  ) are  presented  in  Table  1.  These 

A 

quantities,  except  the  radial  component  (VRBAR)  are  shown  graphically  in 
Figure  9. 

The  calculated  mean  values  of  the  advance  angle  (BBAR) , and  the 
maximum  variations  thereof,  (BPOS)  and  (BNEG),  are  given  in  Figure  10  and 
Table  1.  The  advance  angles  were  calculated  using  an  advance  coefficient, 

J&,of  1.051.  A diagram  showing  the  relationship  between  the  longitudinal 
and  tangential  velocity  vectors,  the  advance  coefficients  and  the  advance 
angles  is  described  on  page  ix  . 


Tables  2 through  S present  the  harmonic  analyses  of  the  dr- 


cuaferentlal  distributions  of  the  longitudinal  and  tangential  velocity 
component  ratios  at  the  experimental  and  Interpolated  radii.  The  aaplltudes 
and  phase  angles  of  the  ten  harmonics  of  the  longitudinal  and  tangential 
velocities  are  plotted  graphically  In  Figures  11  through  30. 
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DISCUSSION 

Data  from  this  experiment  has  been  compared  with  data  from  a typical 

twin-screw  destroyer.  The  comparison  showed  that  the  results  reported 

herein  for  the  CSGN  are  reasonable,  and  In  addition  that  the  average  effective 

wake  factor  ( ^ WT^  + ^ WQ^  . 0.949)  from  the  propulsion  experiment 

2 

is  consistent  with  the  volumetric  mean  wake  velocity  (1-w  ■ 0.936  at 

A 

1.0  propeller  radius)  from  this  wake  experiment.  Therefore,  this 
experiment  is  considered  valid. 
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Figure  1 - Rake  Arrangement  Showing  Spherical  Head  Pitot  Tubes 
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Figure  9 


Radial  Distribution  of  the  Mean  Velocity  Component  Ratios 
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Figure  11  - Radial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  1st  Harmonic  of  the  Circumferential  Distribution  of 
the  Longitudinal  Velocity  Component  Ratios 
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Figure  13  - Radial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  3rd  Harmonic  of  the  Circumferential  Distribution  of 
the  Longitudinal  Velocity  Component  Ratios 
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N = 5 
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Figure  15  - 


Redial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  5th  Harmonic  of  the  Circumferential  Distribution  of 
the  Longitudinal  Velocity  Component  Ratios 
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Figure  17  - Radial  Distribution  of  the  Amplitude  end  Phase  Angle  of 

the  7th  Harmonic  of  the  Circumferential  Distribution  of 
the  Longitudinal  Velocity  Component  Ratios 


Figure  19 


Radial  Distribution  of  the  Amplitude  end  Phase  Angle  of 
the  9th  Harmonic  of  the  Circumferential  Distribution  of 
the  Longitudinal  Velocity  Component  Ratios 
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Figure  22  - Radial  Distribution  of  the  Amplitude  end  Phase  Angle  of 
the  2nd  Harmonic  of  the  Circumferential  Distribution  of 
the  Tangential  Velocity  Component  Ratios 


Figure  23 


Radial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  3rd  Harmonic  of  the  Circumferential  Dletrlbutlon  of 
the  Tangential  Velocity  Component  Ratios 
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Figure  24  - Radial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  4th  Harmonic  of  the  Circumferential  Distribution  of 
the  Tangential  Velocity  Component  Ratios 
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Figure  25  - Redial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  5th  Harmonic  of  the  Circumferential  Distribution  of 
the  Tangential  Velocity  Component  Ratios 
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Figure  26  - Radial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  6th  Harmonic  of  the  Circumferential  Distribution  of 
the  Tangential  Velocity  Component  Ratios 


Figure  27  - 
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Redial  Distribution  of  the  Amplitude  end  Phase  Angle  of 
the  7th  Haraonlc  of  the  Circumferential  Dlatrlbutlon  of 
the  Tangential  Velocity  Component  Ratios 
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Figure  29  - Redial  Distribution  of  the  Amplitude  end  Phase  Angle  of 
the  9th  Harmonic  of  the  Circumferential  Distribution  of 
the  Tangential  Velocity  Component  Ratios 
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Figure  30  - Redial  Distribution  of  the  Amplitude  and  Phase  Angle  of 
the  10th  Harmonic  of  the  Circumferential  Distribution  of 
the  Tangential  Velocity  Component  Ratios 
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Table  3 - Harmonic  Analyses  of  Longitudinal  Velocity  Component  Ratios  at  the  Interpolated  Radii 
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